Background: Persistent pain and psychological distress are common after traumatic musculoskeletal injury (TMsI). Individuals sustaining a TMsI are often young, do not recover quickly, and place a large economic burden on society. Objectives: The aim of this systematic review is to determine (1) the incidence of persistent pain following TMsI, (2) the characteristics of pain, characterized by injury severity and type, and (3) risk and protective factors associated with persistent pain following TMsI. Methods: A systematic search of electronic databases (MEDLINE ® , PubMed ® , Embase, and PsycINFO ® ) was conducted for prospective, interventional, or noninterventional studies measuring the incidence of pain associated with TMsI. Results: The search revealed 4388 studies. Eleven studies examined persistent pain and met inclusion criteria. Pain was assessed using a validated measure of pain intensity or pain presence in six studies. Persistent pain was reported by all studies at variable time points up to 84 months postinjury, with wide variation among studies in pain intensity (ie, from mild to very severe) and pain incidence at each time point. The incidence of pain decreased over time within each study. Two studies found significant relationships between injury severity and persistent pain. Frequently cited predictive factors for persistent pain included: symptoms of anxiety and depression, patient perception that the injury was attributable to external sources (ie, they were not at fault), cognitive avoidance of distressing thoughts, alcohol consumption prior to trauma, lower educational status, being injured at work, eligibility for compensation, pain at initial assessment, and older age.
Introduction
Traumatic injury is the leading cause of death and morbidity worldwide among individuals under the age of 45 years and is the fourth leading cause of death for all age groups. 1, 2 The majority of traumatic injuries are caused by falls, motor vehicle accidents, homicide or injury purposely inflicted by another person, or self-inflicted injury. 1, 3 In 2008, 5.13 million deaths occurred worldwide as a result of traumatic injury, with mortality as a result of road accidents being one of the top ten causes of death across the globe. 2 Of those individuals that survive, approximately 16% acquire a long-term disability. 1, 3 It is apparent that traumatic injury is a serious clinical and public health concern.
Orthopedic injuries are the most common type of injury, 4 can involve more than one body region, 5 and may require multiple surgical interventions. 6 Although medical advances continue to allow for improved mortality rates related to trauma, a proportion of patients may go on to develop pain beyond the acute phase, ie, develop persistent pain. [6] [7] [8] [9] [10] [11] The definition of persistent pain following traumatic musculoskeletal injury (TMsI) is not clearly defined in the literature; however, for the purposes of this review and consistent with Macrae and Davies's definition of chronic postsurgical pain, persistent pain is defined as: (1) pain that develops after traumatic injury or after surgical intervention in the wake of traumatic injury; (2) pain that has been present for at least 2 months; (3) other causes of pain have been ruled out (eg, further surgical interventions have not occurred); and (4) the possibility that the pain is a continuation of a preexisting problem should be ruled out. 12, 13 Persistent pain often exacerbates psychological distress, with many patients who have sustained a TMsI going on to meet diagnostic criteria for anxiety disorders, including posttraumatic stress disorder (PTSD) and mood disorders such as depression. [14] [15] [16] [17] Thus, despite increased survival rates after traumatic injury, many patients exhibit substantial comorbidities including a diminished quality of life, persistent pain, and an increased risk for psychiatric disorders.
There are a number of factors that impact the development of persistent pain following traumatic injury. As shown in Figure 1 , the development of persistent pain and disability 
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is complex; however, the relationships between preexisting, peritraumatic (ie, time immediately after trauma, during hospitalization for up to 2 weeks after injury), and posttraumatic variables may be explained through a modified diathesis-stress model of chronic pain involving a combination of shared vulnerability and mutual maintenance factors. 18 According to this model, shared psychological and biological vulnerabilities (diatheses) are presumed to place the individual at an increased risk of developing both persistent pain and PTSD following a traumatic injury. Proposed psychological vulnerabilities include sensitivity to pain traumatization (ie, a propensity to develop anxietyrelated somatic, cognitive, emotional, and behavioral responses to pain that resemble a traumatic stress reaction) and anxiety sensitivity (ie, fear of the symptoms of anxiety due to the belief that they will lead to harmful physical, psychological, and/or social consequences). [19] [20] [21] Proposed biological vulnerability factors include a low threshold for startle and preexisting hypothalamic-pituitary-adrenal axis sensitivity. 22 These diatheses interact with trauma-related (eg, TMsI) and disease-related stressors (eg, diabetes), which together feed into a mutual maintenance model involving fearavoidance symptoms of persistent pain (ie, pain experience, self-efficacy, a fear of pain, and pain catastrophizing) and symptoms of PTSD (ie, reexperiencing, hyperarousal, avoidance, and emotional numbing). 19, 20, 23, 24 Because the two disorders show substantial symptom overlap, symptoms of one disorder (eg, an exacerbation of pain) may trigger and maintain symptoms of the other disorder (eg, intrusive thoughts, flashback, hyperarousal, avoidance) and vice versa. The particular pattern of mutual maintenance will differ for each individual depending upon the nature of the traumatic stressor as well as individual differences in the expression of somatic, cognitive, affective, and behavioral factors. The final outcome of the model is increased pain and disability.
Published reviews have assessed the presence of pain as well as other detrimental outcomes following TMsI. These reviews provide valuable information for certain populations of trauma patients (eg, those experiencing head, whiplash, or spinal injuries or burns) [25] [26] [27] [28] [29] and some summarize predictors of persistent pain. 25 However, information on the incidence, intensity, and duration of persistent pain following musculoskeletal injury has not been synthesized among prospective, longitudinal studies. Clinicians and researchers can benefit from more detail regarding the characteristics of the pain (ie, intensity and duration of persistent pain) to better treat current patients and develop targeted interventions. Thus, the aim of the present systematic review is to determine (1) the incidence and duration of persistent pain following TMsI, (2) the intensity of pain, characterized by injury severity and type, and (3) risk and protective factors associated with persistent pain following TMsI.
Methods
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed for conducting systematic reviews. 30 
Data sources and searches
A systematic search of electronic databases (MEDLINE ® , PubMed ® , Embase, and PsycINFO ® ) was conducted for prospective, interventional, or noninterventional studies published between 1947 and February 2012 measuring the incidence of pain associated with TMsI as the sole outcome, or measuring anxiety disorders (including PTSD) and depression as secondary outcomes in addition to pain. Several search terms were combined using the "OR" operator within each category of trauma ("musculoskeletal trauma," "trauma," "multiple traumas," "injuries," "multiple injuries"), pain ("posttraumatic pain," persistent pain," "chronic pain," "postsurgical pain," "[various bodily regions] pain"), depression ("depression," "brief depression," "chronic depression"), anxiety ("anxiety," "anxiety disorder," "anticipatory anxiety," "mixed anxiety and depression," "death anxiety") and PTSD ("posttraumatic stress disorder"). Categories were combined in the search strategy using the "AND" operator. Where medical subject heading (MeSH) terms and medical headings were unavailable or irrelevant to the search, the common terms were utilized for individual database searches. Reference lists from all identified primary papers and review articles were examined for additional studies.
Study selection
All article titles and abstracts (n = 4388) were independently screened for inclusion by two reviewers (BNR and SK). An interrater reliability analysis using Kappa statistic was performed to determine consistency among raters. Discrepancies between the reviewers were resolved through consensus or involvement of a third reviewer (JK or CM). Inclusion criteria were: prospective studies; studies examining individuals who had experienced TMsI; studies measuring pain intensity at initial assessment and again at 3 months or more postinjury; and studies including individuals aged 16 years or older. These studies may have also included measures of anxiety, depression, and/or PTSD. Exclusion criteria were studies investigating: pediatric populations aged less than 16 years due to differences in physiology and pain assessment measures utilized; moderate to severe brain injury; spinal cord damage; burns to .30% of body surface; and self-injurious patient populations. Dissertations, abstracts only, guidelines, reviews, unpublished abstracts, and non-English articles were also excluded.
Following abstract screening, studies meeting eligibility criteria were subjected to a full text review. Articles were also retrieved for abstracts that did not provide enough information for inclusion/exclusion at the first stage of screening. Studies failing to meet eligibility criteria after full text review were excluded.
Data extraction
A systematic approach was taken to extract data from selected articles using a data extraction tool developed by the two reviewers (BNR and SK) to summarize means, standard deviations, ranges, percentages, and other reported statistical results. Data extracted from included studies are summarized in Table 1 .
Risk of bias was assessed independently by two reviewers (BNR and SK) using the Downs and Black critical appraisal tool. 31 Because not one randomized controlled trial met inclusion criteria for this review, nine items relating specifically to randomized controlled trials were omitted and the 27-item tool with a total possible score of 32 was reduced to 18 items with a total possible score of 23. Interrater reliability for the two raters was perfect with total agreement for all studies.
Results
The systematic database search yielded 4388 abstracts. Forty-seven abstracts were identified for potential inclusion.
After full text review, eleven studies met inclusion criteria and one study required additional information regarding the timing of interventions to determine its eligibility for inclusion. Attempts were made via email to contact the corresponding author of this study; 32 however, because the author was unable to be reached, the article was excluded from further analysis. The interrater reliability for the raters was found to be Kappa = 0.938 (P , 0.000). Thus, eleven studies were included in the current review ( Figure 2 ). Details of each of the eleven included studies are presented in Table 2 .
Risk of bias
The median quality score for the eleven studies was 21 (range [18] [19] [20] [21] [22] [23] . Overall, risk of bias was minimized across studies by adequately describing hypotheses, primary outcomes, and study inclusion and exclusion criteria. Two studies had very low risk of bias (ie, a perfect score). 33, 34 Two studies notably did not have defined hypotheses, nor did they describe their primary outcomes of interest clearly. 35, 36 One study did not clearly describe the main findings or include measures of variability. 37 Another study did not describe loss to follow-up. 38 Two studies did not provide actual P-values for probabilities less than 0.05. 35, 36 Two studies stated that they collected patient demographic data but did not report these, 37, 39 and three studies did not report demographic data adequately. 35, 36, 40 
Study characteristics
This review included 4386 participants from eleven studies. Sample sizes for each study ranged from 90-1290 participants with ages of participants ranging 16-95 years. Assessments of participants following TMsI included an initial assessment close to the time of injury (during hospitalization) and again at 3-4 months, 6 months, 8 months, 12 months, 36 months, 36 months, and 84 months after TMsI. The majority of injuries included in these studies were caused by motor vehicle accidents, falls, assaults, and recreational-related accidents and resulted in injury severity scores of zero to 19 with the length of hospital stay ranging from no admission to 15 days in hospital.
Pain measurement
Pain was assessed peritraumatically (ie, time immediately after trauma, during hospitalization for up to 2 weeks after injury) and again at various time points following TMsI using a validated measure of pain intensity or pain presence/absence in six studies and/or as part of a more general quality of life questionnaire in five studies (Table 3 ). In each of the six 
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studies that included validated measures of pain, pain intensity was measured using either a 10 cm or 100 mm visual analog scale or a zero to ten point numeric rating scale. Two of these studies also used comprehensive measures of pain in addition to a visual analog scale or numeric rating scale, including either the McGill Pain Questionnaire or Short-Form McGill Pain Questionnaire. 38, 41 One study used only the Graded Chronic Pain Scale. 39 In the five studies that did not utilize validated measures specifically for pain, two studies used the bodily pain question from the Short Form-36 (SF-36), 34, 42 two studies used the Short Form-6 (SF-6), 35, 36 and one study asked participants if they had pain related to the trauma. 33 Incidence and duration of pain posttrauma Ten of eleven studies reported incidence of pain and pain intensity (Table 3) . Overall, results were highly heterogeneous.
All studies reported follow-ups and reported either pain intensity or pain incidence but the follow-up times varied considerably from 3-84 months after injury ( Table 3) . The percentage of patients experiencing pain varied considerably between studies, ranging from 28%-93% of participants reporting mild to severe pain after initial assessment. Overall, the incidence of patients reporting pain decreased over time within each study. 35, 36, [40] [41] [42] [43] Intensity of pain posttrauma Relationship between injury severity and pain intensity
The severity of injury varied across the eleven studies. Seven of the eleven studies statistically assessed the association between injury severity, as measured by the Injury Severity Score (ISS) and pain at initial assessment and/or at follow-up time points. 33, [35] [36] [37] [41] [42] [43] Two of the seven studies found significant relationships between injury severity and persistent pain. 36, 43 Specifically, Williamson et al reported that patients with an ISS of greater than 15 (ie, patients with a major traumatic injury) were 1.7 times more likely (confidence interval: 1.3-2.3, P , 0.001) to have pain 6 months later than those patients with an ISS of 15 or less. 43 However, upon addition of ISS to a regression model used to predict persistent pain at 6 months postinjury, with educational status, markers of preinjury anxiety, depression, and pain-related disability, compensation status, and pain score at discharge as covariates, ISS was no longer a significant predictor of persistent pain. 43 Mayou and Bryant did not find an association between ISS and persistent pain; however, when classifying injury severity among those patients with medically serious injuries (ie, those in hospital for 3 days or more due to the severity of their injuries), a significant difference was found such that a higher proportion of patients with medically serious injuries reported moderate to severe pain or severe pain at 3 months (57% versus 24%; P , 0.001) and at 1 year following injury (36% versus 20%; P , 0.01) compared to non-medically serious injury patients. 36 Relationship between injury type and pain intensity Eight studies assessed the association between injury type and persistent pain following traumatic injury. 34, 36, 37, [39] [40] [41] [42] [43] The definition of injury type varied between studies with some defining injuries by specific (eg, tibia) or general (eg, lower extremity, upper extremity) body location, number (eg, isolated, multiple), and/or type (eg, amputation, fracture, general orthopedic injuries).
Five of the eight studies assessing injury type and persistent pain found significant relationships between the submit your manuscript | www. Specifically, Williamson et al found that patients with orthopedic injuries plus other injuries were 8% more likely than the general trauma population to have moderate to severe pain 6 months following injury (95% confidence interval: 3-12). 43 In contrast, Michaels et al reported that orthopedic injury patients had lower SF-36 bodily pain scores (ie, more intense pain) at 6 months (44.0 versus 56.2) and at 1 year (66.5 versus 79.0) following injury compared to nonorthopedic injury patients. 42 The trend for severe and persistent pain is greater amongst patients with isolated or multiple orthopedic lower extremity injuries as compared to patients with upper extremity injuries. 34, 40, 41 However, another study failed to find a significant relationship between specific lower extremity injury types (eg, tibia fractures versus pelvic fractures) and the presence of persistent pain 7 years posttrauma. 39 
Predictive factors for incidence of pain and pain intensity
Five of the eleven studies examined variables during the initial assessment period to predict the presence of persistent pain following traumatic injury. 35, 37, 39, 41, 43 One of the five studies evaluated whether these factors predicted both the presence and intensity of persistent pain. 41 As shown in Table 4 , frequently cited predictive factors for persistent pain included: symptoms of anxiety and depression as measured by the Brief Symptom Inventory and the Depression, Anxiety, and Stress Scale-21 (DASS-21), 39, 41 patient perception that the injury was attributable to external sources (ie, they were not at fault), 41 cognitive avoidance of distressing thoughts, 35 alcohol consumption prior to trauma, 37 
0.001])
• Sleep and rest score of the Sickness Impact Profile (score 18+ [P ,
0.05])
• Preinjury alcohol consumption (2+ drinks per day [P ,
• Education (high-school [P ,
0.001]
and some college [P ,
0.001])
• Self-efficacy for return to usual major activities (high self-efficacy [P ,
• Narcotic pain treatment at 3 months postinjury (narcotics [P ,
0.05])
Clay et al 
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Traumatic injury and persistent pain
Castillo et al found that pain, as well as sleep and rest irregularities, at 3 months postinjury predicted the presence of persistent pain at 84 months postinjury.
39
Discussion
Pain incidence, characteristics, and predictors of pain
This is the first review to systematically identify prospective studies that measure the incidence of pain following traumatic injury and attempt to understand the theoretical framework including biological, cognitive, and psychological social factors associated with persistent pain. The findings demonstrate that persistent pain is present from 3-84 months following traumatic injury, although incidence of pain was highly variable across studies. There is an overall trend of decreasing pain intensity over time. There is also a trend towards a strong association between injury type and persistent pain, particularly with multiple, orthopedic, lower extremity injuries being linked to persistent pain. The current synthesis demonstrates that the relationship between injury severity and persistent pain is weak, although this relationship was only explored in two studies. In the five of eleven studies that assessed factors predicting persistent pain, the most consistently reported factors significantly predictive of persistent pain included alcohol consumption prior to traumatic injury, peritraumatic pain, peritraumatic anxiety and depression, eligibility for compensation, lower educational status, and older age. Recently, Clay et al synthesized similar prognostic factors of pain; however, they included retrospective study designs as well as patients with head injuries. 25 Given the growing number of studies identifying traumatic brain injury as independently associated with pain related to headaches, 26, 44 the current review excluded this population so as to identify the incidence of persistent pain in the absence of head trauma. In doing so, the current review included an additional six studies not included by Clay et al, 25 and it further helps to elucidate the need for future studies to investigate the development of persistent pain in the TMsI patient population as well as the need for current interventions for patients at present.
Reporting of outcomes and other pertinent information related to pain incidence and intensity Across some studies included in the current review, there appeared to be a lack of comprehensive reporting of outcomes that are key to understanding the development of persistent pain following TMsI. The current review is different from other reviews on traumatic injury and persistent pain because studies that indicated some form of initial pain assessment as close as possible to time of injury (eg, during hospitalization) were purposely included. Consideration of initial pain intensity close to the time of injury can help to better determine which patients may be at higher risk of developing persistent pain, and how the characteristics of pain change over time. However, only three studies reported the results of initial pain assessment measurements; the remaining studies indicated that these initial assessments were made but did not report values. Furthermore, some studies did not report metrics that would have provided useful information (odds ratios, regression coefficients, correlation coefficients, significance values) to researchers and clinicians regarding the incidence of persistent pain.
An additional point of consideration is the impact of analgesic use on pain scores. Given the injury type and severity of many of the patients in the included reviews, it was likely that these patients were on high-dose opioids while hospitalized, and could have been using analgesics long-term to cope with persistent pain. This may have affected the reporting of pain incidence and intensity at initial assessment and follow-up. Despite this, only four studies reported analgesic use among included patients.
Study variability and recommendations for future research
Perhaps the most striking finding from this synthesis was the wide variability of results, which was likely due to many factors. Although all studies were prospective cohort studies, study designs differed greatly. There was high heterogeneity in terms of injury types, measures used, and severity of pain, which all may have an impact on the presence of persistent pain and pain intensity. An example of the impact that this variation causes on study results is with respect to the investigation of injury types on the development of persistent pain. Studies that investigated injuries with more general descriptions (eg, upper versus lower extremity injuries or isolated versus multiple injuries) 34, 42 found significant relationships between injury and the development of persistent pain as compared to those studies that investigated the injuries with a more detailed description (eg, pelvic fracture versus tibial fracture) 39 as predictive of persistent pain. It appears, therefore, that with a lack of a unified approach in describing the problem of persistent pain in terms of injury types as well as follow-up times, the use of validated pain measures, and the reporting of statistical outputs, it is difficult to investigate submit your manuscript | www.dovepress.com Dovepress Dovepress the aggregated results of the studies included in this review. This phenomenon precluded meta-analysis.
Overall, the results from this systematic review lead to the recommendation that future research studies in the field of traumatic injury use a common and systematic approach in order to better identify the scope and magnitude of those at high-risk of developing persistent pain (Table 5 ). This can be accomplished by utilizing study designs that explore the development of persistent pain over time (ie, prospective, longitudinal), with an emphasis on obtaining initial assessments as close to the time of the traumatic injury as possible to ensure that the results are able to consider patient presence of pain prior to the injury. At the initial assessment, it is important to use comprehensive and validated measures for pain, following Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) guidelines, 45 and measuring the type and frequency of pain interventions (eg, analgesic consumption, physical therapy, cognitive behavioral therapy). It is also important to follow patients for at least 2 months to determine the incidence of persistent pain. 13 Due to the variation in methodology between studies, the current review was unable to conduct subanalysis. Therefore, future studies should use unified methodology and validated measures throughout the duration of a study (Table 5) , as it will be easier for researchers to elucidate directionality of pain development following traumatic injury, as is proposed in Figure 1 , in order to determine appropriate and timely interventions for this population without overburdening patients and impeding recovery. Only in understanding the presentation of pain amongst patients recovering from musculoskeletal trauma can appropriate interventions be developed. Many of the studies did not report pain intensity; therefore it is difficult to understand the magnitude of the problem at present and therefore difficult to recommend effective pain interventions. However, it is recommended that researchers consider the World Health Organization three-step ladder for pain assessment and management, which describes suitable provision of pharmacological pain interventions according to pain intensity (mild, moderate, and severe), along with psychological and physical interventions. 46 Another important issue for future research to examine is the extent to which the risk and protective factors involved in the transition to chronicity following traumatic injury differ from those involved in the maintenance of already established chronic pain (eg, see Katz for a similar point with respect to postsurgical pain transition). 47 This approach highlights the importance of assessing outcomes at multiple time points Table 5 Road map for future studies assessing the development of persistent pain following traumatic musculoskeletal injury Study design • Prospective, longitudinal.
• Initial assessment of all variables should be as close to time of injury as possible.
• Multiple assessment time points for examining change in pain.
• Assessments should correspond to medical and psychological diagnoses, eg, orthopedic healing (3 months), persistent pain (2 months), and posttraumatic stress disorder (1 month), following date of injury. Sample • Participant samples should be clearly described in terms of ○ Age (mean, range, standard deviation). ○ Mechanism of injury (eg, motor vehicle accident, fall). ○ Injury type (eg, upper or lower extremity injury, single or multiple injury).
• Sample size should be adequate to have enough power to include all variables being studied in, for example, a logistic regression or hierarchical regression analysis.
• Attrition rates and missing data at each assessment interval. Pain assessment • Follow Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) guidelines for comprehensive measures of pain.
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• Measure the type, amount, and frequency of pain interventions at every pain assessment interval. These may include, but are not limited to, pharmacological interventions (eg, opioid use, nonsteroidal antiinflammatory medications, acetaminophen), psychological (eg, cognitive behavioral therapy, acceptance and commitment therapy), and physical (eg, physiotherapy, ice/heat, massage).
• Pain disability or pain interference must be measured using a reliable, validated measure. Reported statistics • Means, standard deviations, and confidence intervals for all variables, where possible.
• Odds ratios (relative risk) and confidence intervals for all models. Other assessment tools • All other assessment tools should be well validated and appropriate for assessment among participants who have experienced a traumatic musculoskeletal injury.
• Assessments should be conducted at the time of the initial assessment and at more than one follow-up time point.
submit your manuscript | www.dovepress.com Dovepress Dovepress after traumatic injury and implies that the transition to chronic posttraumatic pain and related psychosocial dysfunction is a dynamic process that evolves over time. 48 Assessing outcomes at a single follow-up point after injury or trauma will not permit an examination of whether the factors involved in the transition to chronicity differ from those involved in the maintenance of already established chronic pain.
Implications of findings for clinical practice
The current review aimed to synthesize knowledge on the incidence and duration of persistent pain, the relationship between pain intensity and injury severity and type, and the predictors of persistent pain; however, because the results demonstrate that the scope of this knowledge is limited, very few implications for clinical practice can be stated. General trends were able to be observed: a large proportion (28%-93%) of patients experiencing TMsI will develop persistent pain for a period of up to 84 months according to some studies, the duration of pain generally decreases over time, and pain intensity may be associated with injury severity and type, where more severe, lower extremity injuries may cause more intense pain than less severe, upper extremity injuries.
Furthermore, as only five studies assessed any psychological outcomes associated with persistent pain, it can only be concluded that anxiety and depression play a role in the onset of poor outcomes as well as the presence of anxiety and depression following traumatic injury.
Despite these facts, it is important to emphasize that a large number of patients experience persistent pain following TMsI. Thus it is essential to (1) provide patients leaving hospital or rehabilitation with guidelines on how to manage any pain they are experiencing, and to (2) follow-up with patients at least 3 months following their injury to provide appropriate interventions (eg, pharmacotherapy, psychotherapy, physiotherapy) while patients are healing from their injuries as earlier interventions may prevent the development of persistent pain.
Conclusion
The evidence from the eleven studies included in this review indicates that persistent pain is prevalent up to 84 months following traumatic injury. Further research is needed to better evaluate persistent pain and other long-term posttraumatic outcomes. Currently, patients need to be provided with pain management strategies before leaving hospital and informed that they can follow-up with their primary care physician to manage persistent pain, if present.
